INTRODUCTION
In stored grains, insect damage may account for 10-40% of loss world-wide 1) . Fumigation is one of the most effective methods for protection of stored food grains from insect infestation. However, there have been repeated indication that certain insects have developed resistance to commercially available synthetic fumigants apart from risks associated with the use of these toxics chemicals 2, 3) . The insecticidal residues left over from these chemicals are also reported to be harmful to human beings as well as to mammals. In the current scenario, there is an urgent need of development of safe alternative which have potential to replace such toxic fumigants and are convenient to use also.
The effectiveness of many botanicals against stored grain insects has already been demonstrated. Many types of spices and herbs are known to possess anti-insect activity especially in the form of essential oils [4] [5] [6] . Toxic effects of many monoterpenes from essential oils like d-limonene, linalool and terpeneol were observed in several insects damaging stored products 7) . The use of plant insecticides being safe, easily biodegradable and practically innocuous to non-target species, has drawn attention all over the world. Apart from the known plant insecticides such as pyrethrins, rotenone, nicotine etc., there are many possibilities to use various other plant products like vegetable seed oils for the purpose [8] [9] [10] . Amongst several insects Callosobruchus chinensis is one of the major insect damaging, the legume-pulse grain, which alone is responsible for an average of 32-64% loss under storage conditions in different parts of India [11] [12] [13] . Infestation may reach 100% within 3-5 months of storage. Damaged seed looses its weight as well as market value and it is generally unacceptable for human consumption also. To protect the stored legume pulse grain against insects, many method may be used. Grain can be mixed with ash, and/or other dry fine substances that fill up the inter space between grains and provide a barrier to insect movement 14) . Fresh dry or processed plant materials can be applied as insecticides or to repel the pest insects.
The development of synthetic pesticides has limited over the widespread use of botanical insecticides. These problems makes it necessary to reconsider the potential of traditional methods such as the use of locally available plant material & plant products which could offer a solution for the quality & quantity damage done by Callosobruchus chinensis and be a non-damaging to non-target organisms including mammals. The products are biodegradable and thus unlike to have long term hazardous effects on the environment. On the other hand the conventional milling of Pigeonpea, Urdbean and Mungbean having with tightly adhering and slippery seed coats provide 12-18% lesser than theoretically possible yields of head dhal due to excessive breakage and scouring losses. Vegetable oil application/smearing as pre milling treatment helps to some extent in the reduction of breakage & scouring losses. The present study has been undertaken to overcome all these problems. The vegetable seed oils of Cucurbitaceae family has been taken for the study, as cucurbits form an important group of vegetable crops and are easily available in rural areas of India. The seed oils of this family are not generally used in daily practice in one or another form neither as edible oil nor as pesticide. Bio-chemically the cucurbits are characterized by bitter principles, called curbitacins. A systematic search for these substances in the family indicates that great majority of species contain bitter principles in some portion of the plant e.g. seed, leaf, flower etc. at some stage of development. Chemically cucurbitacins are tetracyclic triterpenes having extensive oxidation level. They occur in nature, free as glycosides or in complicated mixture(s) 15) . The effect of seed oils of Small bitter gourd (Momordica dioica), Bitter gourd (Momordica charantia), Bottle gourd (Lagenaria siscraria) and Ridge gourd (Luffa acutangula) as grain protectant against Callosobruchus chinensis, as well as in improving milling quality of legume pulses has been studied.
EXPERIMENTAL
Four vegetable seed oils of Cucurbitaceae family, viz. Bitter gourd (Momordica charantia), Small bitter gourd (Momordica dioica), Bottle gourd (Lagenaria siceraria), Ridge gourd (Luffa acutangula) were taken for experimental work. Seeds of Bitter gourd, Bottle gourd and Ridge gourd were collected from the field of Kannauj district, Uttar Pradesh, India and Small bitter gourd seeds from Jalaun district of Bundelkhand region Uttar Pradesh, India. Experimental legume pulse grains of Pigonpea (Cajanus cajan), Chickpea (Cicer arietinun), Urdbean (Phaseolus mungo) and Mungbean (Phaseolus radiatus) were procured from Indian Institute of Pulses Research (IIPR), Kalyanpur, Kanpur, Uttar Pradesh, India and were kept in air tight closed containers at room temperature during its experimental use. The seeds of Bottle gourd, Bitter gourd, Ridge gourd and Small bitter gourd were pre-dried separately in an Yorco Hot Air Oven at 40 2 as it makes the experimental samples easier to grind for better oil-extraction, breaks fat-water emulsions to make fat dissolve easily in the organic solvent and helps in release of free fat from the tissues of foods 16) . After drying seeds were grinded thoroughly in an electric grinder. The grinded seeds were extracted serially in an Automatic Oil-Extracting Machine SOCS PLUS, Model SCS-6, of Pelican Equipment, Chennai, India, using petroleum ether (60-80 ) as a solvent.
Cleaned and graded samples of experimental legumepulse grains having Cotyleadon, Germ, Husk and Moisture as 86.3%, 1.2% 12.5% and 7.5% for Pigeonpea; 82.2%, 1.6%, 16.2% and 10.0% for Chickpea; 87.1%, 1.9%, 11.0% and 11.5% for Urdbean and 88.0%, 1.3%, 10.7% and 8.7% for Mungbean, respectively, were treated with vegetable seed oils in varying amount i.e. 0.0, 2.0, 4.0, 6.0 and 8.0 mL/kg of sample. These samples were kept in plastic jars having 10-12 pin-holes for air circulation. Oils were applied with the help of pipette, dropping the oils in circular fashion and continuous stirring the legume-pulse grains with the help of glass rod. Continuous stirring facilitated even distribution of oils on the surface of legume-pulse grain sample. Control sample were not treated with oils. Three replications for each treatment were made.
After oil application as mentioned above adult pulse beetles "Bruchid" (Callosobruchus chinensis) which were procured from Department of Entomology, Indian Institute of Pulses Research, Kalyanpur, Kanpur, India were introduced in each jar. In this study 10 adults of bruchid, (50% male & 50% female) were introduced in each sample with the help of aspirator. The aspirator was prepared by inserting a two hole cork in a conical flask attaching plastic tubes in the holes. One tube was put in bruchid culture and from other tube adults were sucked. When 10 adults came in the flask the cork was removed and the adults were likewise transferred to each sample. These treated and controlled samples were kept at room temperature for observation of insect emergence. The average time for bruchid to complete one life cycle is 25-30 days. Therefore, the sample were kept for 30 days to let them reproduce next generation and for next 30 days to infest the grains. The observation for weight loss and milling quality of stored legume-pulse were assessed by estimating Apparent Degree of Dehusking as well as Broken, Germ and powder fractions. For weight loss determination, the weight of each jar containing grain sample and Bruchid, were taken initially was recorded, then each jar was opened after storage period and the content grain sample were sieved through a sieve (mesh size 280 ISS Test Sieve). By sieving the powder of grains formed by bruchid as wells the dead and alive Bruchid were separated out manually and the remaining grain sample were again transferred to jar and weighed. The difference in these two weights of grain in the jar provides the weight loss of grain sample.
After determining the weight loss caused by insects all the grain samples (treated and control) were pitted and milled in TM-05 SATAKE Grain Testing Mill (Satake Engineering Co. Ltd., JAPAN) the pitting was done by passing the grains 3-times through the mill without holding in the mill. It is believed that pitting creates fissures/crack in the outer covering i.e. seed coat of the grain. The cracks help and improve the effectiveness of the milling. These pitted grains were further milled for 10 2 seconds in aforementioned mill in one pass. Dehusked whole grain (DWG), Undehusked whole grain (UWG), Partially dehusked whole grain (PDW), Dehusked splits (DS), Undehusked splits (US), Partially dehusked split (PDS), Broken + Germ + Powder (BGP) and Clean husk (CH) were sorted out manually from the milled legume-pulse samples and percent milling fraction were calculated.
Clean husk obtained as a milling fraction and the total husk content in the experimental grain provided the degree of dehusking. As very fine fragments of husk were also present in the powder fraction, therefore the degree of dehusking was denoted as "Apparent Degree of Dehusking" which can be calculated as:
On the basis of weight loss in stored grain its apparent degree of dehusking as well as percent milling fraction obtained, the efficacy of application of vegetable seed oils as grain protectant against infestation by Collosobruchus chinensis was assessed.
The statistical analysis of data thus obtained was done with the help of "Indostat Statistical Software Packages" developed by Khetan M.M. (1998) of Indostat services Hyderabad (INDIA).
RESULTA AND DISCUSSION
The weight loss occurred in kernel damage due to insect infestation in experimental Pigeonpea, Chickpea, Urdbean and Mungbean grains are given in . It is also apparent from the data that in control samples in which extracted vegetable seed oils were not applied (0.0 mL/kg) undergone maximum grain kernel damage i.e. 5.95, 7.50, 5.15 and 5.00% for Pigeonpea, Chickpea, Urdbean and Mungbean, respectively. It is apparent from the that application of experimental vegetable seed oils at the rate of 2.0,4.0, 6.0 and 8.0 mL/kg of sample have provides weight loss in the range of 0-3.7, 0-4.2, 0-3.6 and 0-3.4% for Pigeonpea, Chickpea, Urdbean and Mungbean, respectively. From the it is also clear that seed oil dose at the rate of 6.0 and 8.0 mL/kg is quite effective, yielding minimum/ negligible weight loss for all the experimental legume-pulse grains, However, use of Small bitter gourd seed oil at the level of 6 mL/kg yielded 0.0% weight loss in case of Pigonpea, Chickpea, Mungbean and 0.10% weight loss in case of Urdbean. The weight loss in case of application of Small Bitter gourd seed oil at the rate of 4.0 mL/kg was found to be minimum as compared to other experimental vegetable seed oils.
The effect of vegetable seed oil application at different levels and storage at laboratory conditions for 60 days followed by 3-pass pitting and 1-pass milling for 12 2 seconds in TM-05 SATAKE Grain Testing Mill on milling fraction of Pigeonpea grains and apparent degree of dehusking are given in . It was observed that increasing the quantity (mL/kg) of vegetable seed oil application increases the Dehusked whole grain (DWG) and Dehusked splits (DS) of experimental Pigeonpea grain. The Broken + Germ + Powder (BGP) fraction decreases with increase in applied oil dose. The fraction of BGP was maximum i.e. 23.8% in control sample because of kernel damage due to insect infestation. The apparent degree of dehusking was observed to be in increasing trend which may be due to the penetration and smearing of oil in the inter-space between husk and cotyledon, which inturn help checks the infestation and facilitates in the easy removal of husk. It is apparent that the dose level of 6-8 mL/kg of Ridge gourd seed oil and Small bitter gourd seed oil is optimum which yielded minimum, BGP i.e. 7.9% & 7.3% as well as 7.1% & 6.9%, respectively. The apparent degree of dehusking was observed maximums 71.85% & 72.59% for Ridge gourd seed oil treated experimental samples and 72.59% for Small bitter gourd seed oil treated samples.
Likewise the experimental samples of Chickpea were also treated with vegetable seed oils in the same fashion as Pigeonpea and were pitted and milled. D2  D3  D4  D1  D2  D3  D4  D1  D2  D3  D4  D1  D2  D3  D4   T1 
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and Chickpea grains. It is clear from the and that apparent degree of dehusking is maximum in case of use of small bitter gourd seed oil at the dose rate of 8 mL/kg, i.e. 87.50 and 79.43% in Urdbean and Mungbean, respectively. Which is due to the anti-insect property/ activity of extracted seed oils. This insecticidal property of vegetable seed oil may be due to the some alkaloids present in the extracted oils which is in accordance to the views of R.F. Heal and E.F. Rogers 17) . As these researchers have made a survey of plants for insecticidal property and have reported that an alkaloid "Momordicin" is responsible for bitter taste, which possesses bacteriostatic and insecticidal properties. Thus out of all four vegetable seed oil used the result indicates the effectiveness of Small bitter gourd seed oil is maximum in comparison to other vegetable seed oil used.
CONCLUSION
The result of this study indicated better efficiency of vegetable seed oil application at 6 mL/kg level in legumepulse grains as grain protectant against infestation as wells as for quantitative dehusking in its milling. From the present study it is concluded that small bitter gourd seed oil is most effective at the application level of 6 mL/kg, as weight loss for all the legume-pulse grains is almost negligible after use and also the apparent degree of dehusking is maximum with minimum BGP fraction as compared to other oils. The seed oil of Ridge gourd also yielded good result in case of Pigeonpea and Chickpea grains while in case of Urdbean and Mungbean the result are better with application of Bitter gourd seed oil. The effectiveness of Small bitter gourd seed oil was observed to be more in comparison to other vegetable seed oils of Cucurbitaceae family used, which may be due the presence of momordicin alkaloid in the oil. Therefore, from this study it may be concluded that vegetable seed oils may be used as a satisfactory protectant for insect infestation in pulse grains which also inturn helps in the improved milling yields with better degree of dehusking of legume-pulse grains. Although the objectives set out for this research have been fulfilled, the scale up studies are required to understand the action mechanism as protectant of solvent extracted vegetable seed oil of Cucurbitaceae family on legume-pulse grain storage, which shall be beneficial for common masses in replacing the use of harmful chemicals to environment friendly, vegetable seed oil base bio-insecticide.
